In view of the importance now attached to the care of the premature infant, it is highly desirable that stock should be taken of the definitions and classifications in general use, and that the possibility of their improvement should be frequently reviewed. Whilst it is generally recognized that the prospects of survival depend to a much greater extent on functional maturity, e.g. of respiration, digestion, and temperature regulation than they do on any single body measurement, it is likely that objective measurement will always play a certain part in the assessment of both full term and premature infants. In the classification of prematures for record purposes and for comparison of results obtained in different clinics, objective measurement is still essential. To be of service to the clinician, such measurements must be ones, which may be made on the living infant with reasonable accuracy, and ones which do not involve dangerous exposure or manipulation. Those which can readily be applied in the home bynursing personnelwill haveawider application than those requiring specialized techniques or apparatus, though these latter may prove of greater value under hospital conditions. A vast amount of data on measurements of premature infants has already accumulated. Scammon and Calkins (1929) who reviewed much of the earlier literature and added some thousands of personal observations, estimated that at least 160,000 measurements had been published up to that time, relating to more than 100 body measurements. It may at first appear surprising that relatively little of this data has been generally used by clinicians for the assessment of prematurity, and that in the majority of clinics birth weight remains the sole or major criterion for classification.
Further examination of the data, much of which derives from post-mortem examination, however, at once emphasizes the differences between examination of living infants and those which have been preserved, injected or at least rendered permanently immobile. Foot-length, for example, which Streeter (1920) found useful as an additional control of gestational age, does not lend itself to accurate measurement in the living infant, whilst circumferential measurements of chest and abdomen are affected by respiration, abdominal distention and movement to an extent which introduces a considerable error. Nevertheless disproportion between head and chest circumference is sometimes taken as an additibnal indication of prematurity (Reiche, 1916; Dunham, 1948) . With regard to head measurements, which will be considered further, it must be remembered that necropsy material examined by pathologists and anatomists is likely to be heavily weighted by stillbirths or birth-deaths in which a greater degree of head moulding or cranial damage is to be expected than in living infants. Perhaps most important of all, much of the published data is related to a single measurement (e.g. total height or crown'heel length), and the estimate of gestational age is often arbitrary, or based on criteria which would no longer be regarded as wholly acceptable.
Gestational Age
In the last analysis, prematurity represents an abnormally short period of intra-uterine life. Since it is seldom possible to obtain a reliable coital history, the calculation of gestational age is necessarily based on the menstrual history, the expected date of delivery being computed as 10 lunar months from the first day of the Whilst the arbitrary standard of 2,500 g. has considerable practical value, examination of any large series of cases in which gestational age is accurately known will show instances of full term infants weighing less than 2,500 g. at birth, and of premature infants weighing more. The conception of 'fat and lean foetuses ' (Barcroft, 1946) is borne out by Ylppb's (1919) observation that foetuses of the same crown-heel length might show a variation of 100% in weight, whilst evidence is accumulating (Thomson, 1951) to show that the scatter in birth weight which is so striking in full term infants appears earlier in foetal life than was previously supposed. There is, therefore, considerable risk in assessing prematurity on birth weight alone, or in adopting an arbitrary weight standard as the lower limit of viability. Thus Steiner and Pomerance (1950) found in groups of prematures weighing 1,000 to 1,499 g., but of different gestational ages, that the mortality was 63 * 3% in those of less than 29 weeks' maturity and 21-5% in those of 34 to 37 weeks, although the mean weights of the two groups were almost identical (1,232 and 1,234 g. respectively). Reardon, Wilson, and Graham (1951) also emphasize that the expectation of life may be better in more mature infants of 3 lb. (1,360 g.) than in less mature ones of 4 lb. (1,814 g.) and that race and sex may influence birth weight of infants of the same bone-age or maturity.
Measurements of Length
The foetal measurement which has received most attention by anatomists is total height (crown-heel length), Scammon and Calkins (1929) Grulee and Sanford (1948) state that it is a more accurate measurement than body length, and, since the appearance of Streeter's (1920) monograph, it has been used to an increasing extent by embryologists and pathologists. Since sitting height in addition to total height is now frequently included in the measurement of older infants and children, it appeared additionally important to assess the value of this measurement in premature infants. It should be kept in mind, however, that when measurements of either crown-heel or crown-rump length are used in growth studies, both involve a series of measurements of structures which-are growing in different directions or dimensions. Thus crown-rump length involves head-height and spine-length (a series of chords), height of the innominate bone, and the soft tissues overlying the ischial tuberosity. The measurement of crown-heel length also includes the hip, knee, and ankle, and movements at any of these points, or alterations in muscle tone, may introduce major errors affecting the total measurement.
Head Circumference This measurement does not have the same disadvantages as the circumferential measurement of chest or abdomen, and can be carried out with a minimum of exposure and manipulation. In checking measurements made by trained observers against routine measurements made by nursing staff, the correspondence was found to be close; the principal errors introduced were due to the stretching of tape-measures which had been too long in use. Meredith (1946) in reviewing North American studies of head circumference undertaken from 1890 to 1945, points out the lack of standardization in the technique of measurement. Thus the landmarks used for measuring occipitofrontal circumference were in some instances the frontal eminences and the most prominent portion of the temporal and occipital regions; in others the tape was passed over (or immediately above) the supra-orbital ridges or glabella anteriorly, while in yet others the measurement was described as the maximum circumference. Scammon and Calkins (1929) defined it as the largest circumference of the head passing through the glabella and the inion, and regarded the mechanical errors in its determination as small. The majority of authors who have made any reference to the degree of pressure employed have specified ' light pressure ' with the tape, but the point is of some importance in the case of prematures where firm pressure may produce some alteration in the measurement of a readily compressible skull.
The effect of head moulding on the occipitofrontal circumference cannot be assessed accurately in the individual infant. Calkins (1922) , from a study of infants' heads in which moulding was minimal or absent, i.e. in selected Caesarian births and easy breech extractions, calculated a mean of 35 2 cm. for unmoulded heads which is significantly greater (by 0*9 cm.) than the composite mean given by Meredith (34 3 cm.). An experimental study by Moloy (1942) also confirmed that the occipitofrontal diameter was decreased by compression. While correction for head moulding is of importance in assessing necropsy material derived from stillbirths and neonatal deaths, it will be remembered that the clinician is primarily concerned with such degrees of head moulding as are compatible with survival, and that for practical purposes unmoulded and grossly moulded heads are exceptional in any unselected series of living infants. In assessing the individual infant, however, it may be assumed that the circumference of the unmoulded head will tend to be greater than that of the head that has been moulded.
Head circumference at birth has been shown to bear some relationship to birth order, economic status, and sex. Thus Bakwin and Bakwin (1934) Light pressure was used, the tape being fitted to the maximum prominence of the occiput and passed immediately above the supra-orbital ridges. Crown-heel and crown-rump lengths were measured on a standard measuring board, the heel or ischial tuberosity respectively being placed against the stationary foot-piece, and the sliding head-piece adjusted when the infant was correctly positioned. In the case of crown-rump measurements, the stationary footpiece was adapted so that its height was not greater than the infant's thighlength, so that flexion of the knee to a right-angle was possible. (A model suitable for the measurements of older infants, designed by Dr. John Thomson is shown in Fig. 1 Criteria of Prematurity The present data illustrate the fact that there is bound to be considerable overlap in the measurements of the smaller full term infants and the larger premature infants approaching term. Any arbitrary measurement which is designed to be of clinical value in indicating prematurity will be exceeded by a proportion of infants of more than 36 weeks' gestation, while a proportion of full term infants will fall below it. It is also likely that the latter objection will apply unequally to the two sexes, since newborn females are on the average smaller than males of the same gestational age, although it is possible that the greater variability in males observed in the present series may, to some extent, offset the sex difference. Ideally, it would be desirable to define separate criteria of prematurity for males and females, and for infants of In the ease of premature infants, it was obvious that the proportion of infants of 37 weeks' gestation exceeding any useful standard was so high that any reliable assessment of prematurity in this age group could only be made on determination of gestational age. Since for practical purposes the infants in whom a diagnosis of prematurity is most necessary are those of less than 36 weeks gestation, it was decided to examine the 29 premature infants of 34 and 35 weeks' gestation to determine the percentage in whom the measurements exceeded those given above (Table 4 ). In this analysis it must be borne in mind that the total group is small and represents surviving prematures only; the percentages would presumably be smaller if stillbirths and neonatal deaths were included.
The possible criteria of prematurity may, therefore, be considered on the basis of the misfits, i.e. the proportion of full term infants which they will include, and the proportion of infants of less than 36 weeks' gestation which they will fail to identify.
Birth Weight. (Reardon et al., 1951 ) that the standard is too high, but while it is certainly true that many infants of 5 to 51 lb. can be nursed and fed as though they were full term, it will be seen from Table 1 that the mean birth weight of infants of 37 weeks' gestation was in fact over 51 lb., and from Table 3 that two out of 29 infants of less than 36 weeks' gestation exceeded this weight. It is considered that for white infants the 51 lb. standard is as satisfactory as any, and in the present series includes only a relatively small proportion of full term infants. This latter observation is confirmed by Thomson's (1951) From the formula CR = 0 66 CH + 0 5 (see below) it may be assumed that a crown-rump length of 32 cm. corresponds to a crown-heel length of 47 2 cm. Since a crown-heel length of less than 47 cm. is already widely used as a standard of prematurity, a crown-rump length of less than 32 cm. provides a closely comparable standard.
Head Circumference. Most authors who have included head circumference in their standards of prematurity have used 'less than 33 cm. (13 in.)', which has the advantage of providing a convenient point on the metric and British lineal scale. The present data indicate that this measurement has the disadvantage of including a relatively large number of full term infants (12% males, 21% females). On the other hand, no infants of less than 36 weeks' gestation were found to exceed this measurement, whereas 13-8% exceeded 32 cm. It is therefore recommended that the standard ' less than 33 cm. (13 in.)' should be retained as one indication of prematurity.
Combined Standard. Where the three measurements discussed above are used, and the gestational age is unknown, an infant showing two of the three criteria, viz. birth weight 2,500 g. or less, crownrump length of less than 32 cm. and head circumference of less than 33 cm. may reasonably be regarded as premature. The error will be less than when a single measurement is relied on, but will not be entirely eliminated.
Correlation of Measurements and Frequency Distribution
In a study of the correlation of birth weight and crown-rump length with gestational age, it is frequently stated that total length provides a better index of gestational age than does birth weight (e.g. Crosse, 1945) . In order to see whether this applies to crown-rump length in the present series of premature infants, regression coefficients were calculated for 27 males and 26 females of 29 to 37 weeks' gestation. Twins were omitted from this series. The sexes were analysed separately in the first instance, but as the differences between the two were not significant, the calculations were subsequently made on the combined group.
It to 4 lb. 7* oz. etc.). In the case of the three linear measurements, an interval of 0 5 cm. was used in the first instance, but in view of the irregularity of the figures, a coarser grouping (1 cm.) was substituted and allowance made for this in the subsequent calculations.
In Table 5 the frequency distributions are shown with an interval of i lb. in the case of weight and to the nearest cm. in the case of linear measurements.
For each variable and each sex, the mean and dispersion, as measured by the standard deviation, has been calculated. A comparison of the two sexes shows that for all four variables the males are more variable than the females.
The correlation coefficienits were calculated for the infants for which all four measurements were available, viz. 238 males and 206 females. The relative magnitudes of the correlation coefficients are what might be expected. Those for females are less than those for males but the difference can reasonably be ascribed to sampling error, so that the two sexes have been averaged.
The highest correlation is that between CR and CH (approximately 0 * 80). Either of these correlates fairly highly with weight but less so with head circumference. Of all four variables, head circumference has the smallest correlations; it correlates better with weight than with CR or CH. The data are consistent with the formula predicting CR from CH, namely CR = 0-66 CH + 0 5.
Summary and Conclusions
Measurements of occipitofrontal head circumference, crown-rump length and birth weight have been made on 119 living premature infants of 29 to 37 weeks' gestation inclusive, and on 243 male and 209 female full term infants. Crown-heel length was measured on 30 premature infants, and on 238 male and 206 female full term infants. The means and standard deviations for groups of increasing gestational age are presented, and the frequency distributions and cortelations for each measurement are given in the case of full term infants.
The practical application of each measurement to living infants is discussed. It is suggested that crown-rump length might usefully be included in the routine measurement of infants where facilities are available, and it is emphasized that this measurement has certain advantages over that of crown-heel length in the case of premature infants. The relationship of crown-rump and crown-heel length (measured in cm.) was found in both premature and full term infants to be consistent with the formula of Scammon and CaLkins (1929) : CR=0 66 CH+0 5 The criteria of prematurity have been discussed. The following arbitrary measurements were found to fit the data sufficiently well to be of clinical value: head circumference less than 33 cm. (13 in.); crown-rump length less than 32 cm. (121 in.) or alternatively 121 in. or less; birth weight 2,500 g.
(5j lb.) or less. It is emphasized that any single arbitrary standard is likely to include a proportion of full term infants and exclude a proportion of prematures of over 36 weeks' gestation. The proportion of misfits will be reduced by using three or more measurements in combination, together with gestational age when this is known. Although it does not at present appear practicable to recommend different standards of prematurity for males and females, the proportion of misfits will be affected by sex. The correlations of birth weight and crown-rump length to week of gestational age in premature infants were found to be almost identical, viz. 0-61 and 0 60 respectively.
In 19 pairs of twins of like sex, the intra-class correlation of head circumference was 0 86, of crown-rump length 0*79, and of birth weight 0 * 80. These correlations do not differ significantly among themselves.
In singleton premature infants of the same week of gestational age, the correlation between any two of the three'measurements was approximately 0 * 80.
In full term infants, the highest correlation was found between crown-heel and crown-rump length, both of which measurements correlated highly with weight. The correlations were smallest in the case of head circumference.
